A new study demonstrates that modern electric lighting has caused the near-24-hour biological clock to be set to a later time and that humans physiologically respond to seasonal changes in day length under conditions of natural light exposure.
You can learn a lot from camping. Charles Darwin's experience of ''living in the open air, with the sky for a roof, and the ground for a table'' [1] during the voyage of the Beagle is perhaps one of the better known camping trips in the annals of science but there have been others. In 1938 the great American physiologist and sleep researcher Nathaniel Kleitman camped out with a student in Mammoth Cave in Kentucky for over a month [2] . By living on a selfimposed 28-hour day they offered one of the first glimpses into the workings of the human 24-hour biological clock: Kleitman's experiment demonstrated that humans spontaneously generate a near-24-hour rhythm in body temperature that isn't evoked by the environment. In the nearly 80 years since Kleitman's experiment, these endogenous, near-24-hour, or circadian, rhythms have been found to be central to human biology. In this issue of Current Biology, Stothard and colleagues [3] report on the findings of their own camping trip which demonstrated that the timing of the near-24-hour clock is shifted later under conditions of modern electric lighting and that humans are responsive to seasonal changes in day length under conditions of natural light exposure.
A wide range of human biology has been shown to be under the purview of the near-24-hour biological clock: endogenous circadian rhythms exist in numerous physiological and behavioral variables [4] . These rhythms are ultimately the product of transcriptionaltranslational feedback loops that form the underlying 'gears' of the clock and this molecular clock-work is found in most tissues, with a central clock existing in suprachiasmatic nuclei of the hypothalamus [5] . The suprachiasmatic nuclei function to internally synchronize the various rhythms and are themselves synchronized to the external 24-hour day by light [6] . Intrinsically photosensitive retinal ganglion cells transmit the light information to the central clock via a monosynaptic connection [5] . Importantly, the magnitude and direction of the resetting effect of light is dependent on the biological time of exposure [4] .
For millions of years, humans and their more immediate ancestors lived under a relatively consistent pattern of light exposure: from day to day the variability in the timing of sunset and sunrise was on the order of minutes while greater variation might only occur over the course of a year. The introduction of widespread electrical lighting in the 20th century [7] upended the pattern of light exposure to which the circadian system had adapted. Stothard and coworkers set out to quantify the impact of this electrical light exposure on the timing of the 24-hour biological clock in humans using two separate experiments.
The first experiment was an extension of their previous work. In their earlier study, they demonstrated that a week of camping during the summer, with camp fire as the only non-solar light source, shifted the timing of the biological clock approximately 2 hours earlier [8] . Campers experienced light levels more than four times greater than they did in their usual environment during the waking hours. However, there was also a greater than a 50% reduction in light exposure during the hours between sunset and bedtime -just at the time when light would tend to reset the clock to a later time.
In the first of the two experiments reported in this issue, subjects again went camping for about a week without any source of electrical lighting but this time during the winter. Prior to going camping, the timing of the biological clock was determined after a week of living under conditions of electrical lighting; the onset of melatonin secretion was used to mark the beginning of the biological night. Following a week of camping the timing of the biological clock was reassessed. This time, subjects experienced a 13-fold increase in light exposure while camping and, similar to the summer study, the timing of the biological clock was found to move more than 2 hours earlier. The authors then went on to compare the length of the biological night (as measured by the duration of melatonin secretion) in their summer and winter experiments. They found that under natural lighting conditions, but not electrical lighting conditions, the biological night was over four hours longer in winter compared to summer.
In the second set of experiments, biological timing was assessed after two days under habitual electrical lighting conditions before subjects either spent a weekend camping (now with the use of headlamps and flash lights) or continued electrical lighting in their habitual environment. Similar to the summer camping experiment, campers were exposed to light levels about four times higher than they experienced under electrical lighting and the melatonin onset moved almost an hour and a half earlier. In contrast, the melatonin onset moved almost an hour later after the weekend of electrical lighting.
What are we to make of these seemingly subtle shifts in biological timing? It should first be noted that the size of these shifts is not insignificant and that they are similar in magnitude to those experimentally induced in the laboratory [9] . Also, it is worth considering that these shifts suggest that the advent of electrical lighting may have resulted in a significant realignment between the timing of the biological clock and the timing of a multitude of biologically relevant activities (e.g., sleeping and eating). The same phenomenon, in a more extreme form, occurs in individuals such as shift workers who experience frank misalignment between the timing of the biological clock and these other activities. Such circadian misalignment not only results in disorders of sleep and wakefulness but has also been implicated in the development of cardiometabolic disease, cancer, and psychiatric illness [10] [11] [12] [13] . If most individuals living under conditions of artificial lighting experience the degree of circadian misalignment found by Stothard and colleagues, then these findings may have health implications. Consider, for example, the results of a retrospective study of Swedish health registry data. Janszky and Ljung found an increase in the incidence of myocardial infarction on the three weekdays following the one-hour Spring Daylight Saving Time shift [14] . Such a finding may owe as much to sleep disruption as it does to circadian misalignment but it highlights the potential impact of relatively small perturbations of the circadian system. Indeed, the consequences of social jet lag (misalignment between the timing of the biological clock and social timing [15] ) is getting growing attention and Stothard et al. show that our modern electrical lighting is likely a major contributor to this phenomenon.
Finally, the finding that humans living under conditions of natural lighting physiologically adapt to day length (i.e., are photoperiodic) is profound. As the authors discuss, previous work has shown that humans physiologically mark day length in the laboratory but this is the first study to suggest that humans, living under natural lighting conditions at higher latitudes, are photoperiodic. Whether human photoperiodism, or the loss thereof, has any relevance for human health or disease (e.g., metabolic, reproductive or psychiatric sequelae) remains an open question worthy of investigation.
